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Background	
  

•  Princeton	
  physics	
  professor	
  W.	
  Happer	
  has	
  been	
  making	
  the	
  
case	
  that	
  climate	
  forcing	
  by	
  CO2	
  is	
  greatly	
  overes2mated	
  

•  His	
  argument	
  is	
  that	
  climate	
  models	
  use	
  the	
  classic	
  Voigt	
  
lineshape	
  for	
  CO2	
  radia2ve	
  transfer	
  	
  

•  He	
  further	
  argues	
  that	
  models	
  take	
  the	
  line	
  wings	
  out	
  “to	
  
infinity”	
  from	
  line	
  center	
  

•  However,	
  the	
  CO2	
  wings	
  are	
  in	
  fact	
  sub-­‐Lorentzian,	
  and	
  he	
  
argues	
  that	
  improper	
  use	
  of	
  the	
  Voigt	
  shape	
  is	
  the	
  reason	
  
climate	
  models	
  overes2mate	
  global	
  warming,	
  and	
  this	
  is	
  why	
  
global	
  warming	
  is	
  not	
  what	
  it	
  is	
  predicted	
  to	
  be	
  (e.g.,	
  the	
  
hiatus)	
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Background	
  (2)	
  
•  The	
  sub-­‐Lorentzian	
  nature	
  of	
  CO2	
  line	
  wings	
  has	
  been	
  known	
  for	
  

over	
  50	
  years	
  	
  
•  S.	
  Roland	
  Drayson	
  (1966)	
  in	
  his	
  pioneering	
  paper	
  on	
  the	
  line-­‐by-­‐line	
  

radia2ve	
  transfer	
  calcula2on	
  noted	
  the	
  need	
  to	
  account	
  for	
  sub-­‐
Lorentzian	
  wings	
  in	
  CO2	
  	
  

•  Kunde	
  and	
  Maguire	
  (1974)	
  used	
  sub	
  Lorentzian	
  wings	
  in	
  RT	
  
calcula2ons	
  in	
  planetary	
  atmospheres	
  	
  

•  Fels	
  and	
  Schwarzkopf	
  (1981)	
  noted	
  sub-­‐Lorentzian	
  wing	
  effects	
  in	
  
early	
  climate	
  modeling	
  work	
  	
  

•  So	
  the	
  physics	
  has	
  not	
  been	
  overlooked	
  or	
  unknown	
  	
  
•  Niro	
  et	
  al	
  (1990’s),	
  including	
  Ken	
  Jucks	
  as	
  co-­‐author,	
  have	
  

developed	
  state-­‐of-­‐science	
  algorithms	
  to	
  apply	
  line	
  mixing	
  and	
  sub-­‐
Lorentzian	
  wings	
  in	
  CO2	
  in	
  the	
  IR	
  	
  

•  These	
  are	
  used	
  in	
  LBLRTM	
  (and	
  hence,	
  RRTM,	
  in	
  climate	
  models)	
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Roland	
  Drayson’s	
  paper	
  
pioneering	
  the	
  line-­‐by-­‐line	
  
method	
  of	
  radia2ve	
  transfer	
  	
  
calcula2on	
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Status	
  
•  Our	
  team	
  has	
  been	
  working	
  to	
  inves2gate	
  the	
  uncertainty	
  in	
  

radia2ve	
  forcing	
  due	
  to	
  spectroscopy	
  	
  
–  Line	
  strengths;	
  Air-­‐broadened	
  half	
  widths;	
  Line	
  shape	
  func2on	
  	
  

•  We	
  find	
  that	
  there	
  is	
  very	
  small	
  uncertainty	
  in	
  the	
  
computa2on	
  of	
  radia2ve	
  forcing	
  (RF)	
  	
  
–  Largely	
  due	
  to	
  the	
  defini2on	
  of	
  RF	
  –	
  a	
  double	
  difference	
  in	
  which	
  

correlated	
  errors	
  cancel	
  almost	
  exactly	
  
–  Validated	
  this	
  with	
  full	
  error	
  analysis	
  	
  

•  RF	
  is	
  change	
  in	
  net	
  flux	
  at	
  tropopause	
  from	
  pre-­‐industrial	
  
2mes	
  to	
  2me	
  “t”,	
  usually	
  present	
  day	
  or	
  doubled	
  CO2	
  

•  We	
  examine	
  in	
  par2cular	
  RF	
  for	
  doubled	
  CO2	
  	
  
•  RF	
  =	
  Fnet(2	
  x	
  CO2)	
  –	
  Fnet(CO2)	
  at	
  tropopause	
  	
  
•  Fnet	
  =	
  Fdown	
  –	
  Fup	
  	
  	
  

The	
  RF	
  calcula+ons	
  are	
  robust	
  with	
  uncertainty	
  less	
  than	
  1%	
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The	
  Spectrum	
  of	
  CO2	
  Radia5ve	
  Forcing	
  -­‐	
  LBLRTM	
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Instantaneous	
  Radia5ve	
  Forcing	
  by	
  CO2	
  

Note	
  ~	
  logarithmic	
  growth	
  of	
  forcing	
  with	
  CO2	
  concentra5on	
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Effect	
  of	
  Voigt	
  Wing	
  Extent	
  on	
  RF	
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Radia2ve	
  Forcing	
  Difference	
  
Voigt	
  shape	
  truncated	
  500	
  cm-­‐1	
  minus	
  trunca2on	
  at	
  25	
  cm-­‐1	
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Effect	
  of	
  Sub-­‐Lorentzian	
  Wings	
  on	
  RF	
  
LBLRTM	
  -­‐	
  MRTA	
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(Lack	
  of)	
  Sensi5vity	
  of	
  RF	
  to	
  Line	
  Strength,	
  Halfwidths	
  

•  Uncertain2es	
  in	
  spectroscopy	
  impact	
  the	
  computa2on	
  of	
  
atmospheric	
  transmiVance,	
  and	
  poten2ally,	
  the	
  computed	
  RF	
  

•  Approach:	
  
–  Compute	
  RF	
  by	
  varying	
  strengths	
  of	
  ALL	
  lines	
  of	
  CO2	
  from	
  -­‐20%	
  to	
  

+20%	
  in	
  steps	
  of	
  1%	
  
–  Illustrate	
  correlated	
  nature	
  of	
  uncertainty	
  	
  
–  Compute	
  RF	
  using	
  uncertain2es	
  specified	
  in	
  AER	
  line	
  database	
  
–  Use	
  full	
  error	
  analysis	
  including	
  correlated	
  and	
  uncorrelated	
  error	
  

terms	
  

•  Results:	
  
–  Small	
  (<	
  1%)	
  uncertain2es	
  in	
  RF	
  due	
  to	
  correlated	
  nature	
  of	
  errors	
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Sensi5vity	
  of	
  RF	
  to	
  Uncertainty	
  in	
  Line	
  Strengths	
  	
  
(Sensi2vity	
  to	
  halfwidths	
  behaves	
  similarly)	
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Accoun5ng	
  for	
  Correlated	
  Errors	
  
Standard	
  Approach	
  using	
  Covariance	
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This	
  is	
  the	
  standard	
  law	
  of	
  propaga2on	
  of	
  error	
  defined	
  in	
  the	
  NIST	
  “GUM”,	
  	
  
the	
  Guidelines	
  for	
  Uncertainty	
  Measurement,	
  NIST	
  TN	
  1297	
  
	
  
The	
  xi	
  are	
  the	
  up	
  and	
  down	
  fluxes,	
  f	
  is	
  the	
  forcing.	
  
	
  
The	
  σ2(xi)	
  are	
  the	
  uncertain2es	
  associated	
  with	
  the	
  up	
  and	
  down	
  fluxes	
  
	
  
The	
  σ(xi,	
  xj)	
  are	
  the	
  covariance	
  associated	
  with	
  the	
  up	
  and	
  down	
  fluxes	
  	
  

	
  (6	
  covariance	
  terms	
  in	
  all	
  since	
  4	
  fluxes)	
  



Summary	
  of	
  Uncertain2es	
  in	
  RF	
  due	
  to	
  Spectroscopy	
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Halfwidth	
  errors	
  are	
  even	
  less	
  than	
  shown	
  due	
  to	
  improved	
  accuracy	
  of	
  	
  
collision	
  broadened	
  parameters	
  (Gamache	
  and	
  Lamouroux,	
  2013)	
  

These	
  values	
  will	
  be	
  updated	
  in	
  the	
  GRL	
  paper	
  



Conclusions	
  and	
  Next	
  Steps	
  

•  Uncertain2es	
  in	
  spectroscopic	
  parameters	
  (line	
  strengths,	
  
halfwidths,	
  line	
  shape)	
  contribute	
  in	
  total	
  <	
  1%	
  error	
  to	
  
computed	
  radia2ve	
  forcing	
  

•  Journal	
  ar2cle	
  is	
  ready	
  to	
  submit	
  –	
  going	
  to	
  GRL	
  as	
  likely	
  
fastest	
  route	
  to	
  publica2on	
  online	
  aper	
  acceptance	
  

•  Talks	
  at	
  Fall	
  AGU,	
  submiVed	
  to	
  Interna2onal	
  Radia2on	
  
Symposium	
  	
  

•  Circulate	
  accepted	
  paper	
  and	
  results	
  far	
  and	
  wide	
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Backups	
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Fluxes	
  and	
  Radia2ve	
  Forcing	
  vs	
  Voigt	
  Wing	
  Extent	
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